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Abstract: The article analyzes the features of vehicle operation in mountainous 
terrain, improving the braking properties of vehicles when used in mountainous 
conditions, and defines the main directions for improving the efficiency of machine 
operation in difficult natural and climatic conditions. 
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Introduction 
The speed and safety of vehicles are largely determined by their braking 
properties. The more effective the brakes, the higher the safe speed that the driver can 
allow, and the higher the average speed of the car along the entire route [1]. The car 
must have several braking systems, which are divided into four groups: working 
(main), Parking, auxiliary (additional) and spare [1-3]. Requirements for these 
systems have long been formulated in the relevant standards, both domestic and 
international. 
All climatic regions, except temperate, create special conditions for operation, 
storage, technical inspection (maintenance) and repair of rolling stock. This should be 
taken into account when planning, rationing and organizing the technical operation of 
road transport rolling stock. And even in a temperate climate due to the annual 
temperature difference, the reliability of the car depends on seasonal conditions. 
Special conditions are usually characterized by a combination of unfavourable 
factors. For example, a cold climate area is characterized not only by low ambient 
temperatures and winds but also by more severe road conditions (snowdrifts in 
winter, work mainly on low-level roads without a hard surface). To improve the 
efficiency of the transport process and technical operation of cars in special 
conditions, use cars in a special design (Northern, mountain, etc.); correction of 
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standards for the technical operation of the car; tools and methods that facilitate the 
start of the car engine. You should also use special fuels and lubricants, brake fluids, 
and other fluids designed for use at low or high temperatures. Vehicles in the 
Northern version must also have technical means that facilitate cross-country traffic 
(winches, etc.). 
Materials and methods 
The greatest number of car failures is observed in the coldest months of the year 
(Fig. 1). at low temperatures, cold-breaking parts appear, tires and other rubber 




Fig. 1. Influence of ambient temperature on the specific number of failures 
The specifics of the natural and climatic conditions of the cold climate zone 
(low ambient temperatures, a long winter period with snow cover and snow-covered 
roads) determine the number of features of car operation. When operating vehicles at 
low temperatures, there are serious difficulties with maintaining the normal thermal 
model of the engine, especially when working with frequent stops for loading and 
unloading and for other reasons. At low temperatures, the wear of engine parts 
increases significantly. Supercooling of transmission units leads to solidification of 
oil in them, deterioration of the lubrication conditions of working surfaces, and 
increased wear of parts. At low temperatures, it is possible to freeze the liquid in the 
engine cooling systems, heating the cab, body, electrolyte in the battery, which can 
lead to defrosting of the engine block, rupture of the radiator tanks and tubes, and 
battery tanks. 
At low temperatures, the probability of failure of the diesel fuel system is much 
higher. They can be caused by ice and air jams in pipelines, which are formed due to 
the accumulation of small ice crystals when the water contained in diesel fuel freezes. 
The paraffin contained in the fuel turns into a gelatinous mass that can clog fuel 
filters and fuel lines, which also causes failures. At low temperatures, the reliability 
of the hydraulic brake drive is also reduced due to the possible solidification of some 
brake fluids. At temperatures below -45 °C, tires, rubber parts (oil seals, rubber hoses 
of hydraulic brakes, etc.) lose their elasticity, become brittle and break down, plastic 
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parts crack, harden, and lose their quality of grease lubricants. At particularly low 
temperatures (-60...-70 °C), the physical and mechanical properties of metals change, 
which causes frequent breakdowns of parts. Features of operation of cars in cold 
climates determine the number of requirements for their design, ensuring the 
reliability and safety of operation of cars, proper working conditions for the driver, 
and the comfort of passengers' travel. For efficient and safe operation of vehicles in 
the Northern regions, it is technically and economically feasible to use modifications 
of these vehicles in the Northern version. Vehicles must operate reliably when stored 
safely in the ambient temperature range from +40 °C to -60 °C and its relative 
humidity up to 98 %. Particular attention should be paid to ensuring a reliable, easy 
start of the engine at low temperatures, which generally determines readiness for 
movement. In conditions of low temperatures, this becomes extremely important, 
characterizing the safety of vehicle operation. Increased requirements are placed on 
the reliability of units, mechanisms, and vehicle systems, especially ignition, power, 
control, and lighting devices. It is desirable to have backup devices that are put into 
operation in the event of a failure of the main one. Highways in mountainous areas 
are characterized by: large (up to 10...12 %) longitudinal slopes, serpentines (up to 10 
m per 1 km of track), significant tortuosity (15...18 turns per 1 km), rounding of small 
radii (8 ... 10 m), insufficient width of the roadway and roadbed, deformed surfaces 
and poor visibility. The complexity of the vertical profile and the tortuosity of 
mountain roads affect the mode of operation and energy load of vehicle braking 
systems. The number of brakes on 1 km of the track when driving on mountain roads 
reaches 10 ... 19, on some sections of mountain road routes, the friction surface 
temperature reaches 460...490 °C for the rear brakes, 270...290 °C for the front ones. 
When a medium-class bus is moving at a constant speed on a road section of the 
same length with a 5-fold change in slopes (from 2 % to 10 %), the energy load of the 
braking mechanisms can increase by 17 times. Frequent and prolonged braking leads 
to increased heating of the brake drums, discs and pads, which is accompanied by an 
increase in the intensity of their wear and a decrease in braking efficiency. Reducing 
the air pressure leads to a change in the composition of the fuel mixture and a 
decrease in the filling of the cylinders. This leads to a decrease in engine power (the 
power of a gasoline engine is reduced by an average of 12.5 % when climbing every 
1000 m above sea level) and an increase in specific fuel consumption. The 
transmission mainly operates on intermediate stages, even when descending, when 
the driver uses engine braking. Engines overheat, as they work in forced mode on the 
rise, and the heat transfer of the radiator when the air is discharged at a high altitude 
above sea level worsens. When the air pressure is low, the cooling system plug valve 
opens earlier, which contributes to the boiling of the coolant. 
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Due to the transmission of large torques by the driving wheels when driving on 
the rise, frequent braking on long descents, as well as numerous turns with small 
radii, intensive tire wear occurs. The state of the road network and the complexity of 
the road profile have a negative impact on reliability. In the process of driving, the 
clutch, gearbox, and brakes are used more intensively and, as a result, work less 
reliably, the forces acting on the steering mechanism increase sharply, and the 
fastenings and adjustments are much more often violated. All this causes accelerated 
wear of parts and components, fatigue phenomena in them and, ultimately, breakage. 
High humidity in mountainous conditions, especially in areas with a subtropical 
climate, causes accelerated corrosion of parts, components, and assemblies, 
especially the cab, body, tail, and normals. Driving on a rough road in braking mode 
overloads the suspension elements due to the simultaneous action of radial dynamic 
forces and braking force on the wheel. Frequent and sharp turns adversely affect the 
durability of the steering elements. 
These factors affect the reliability of vehicles, make it difficult to move, reduce 
speed, increase transport costs, and are the main cause of road accidents. When 
designing a car intended for use in mountain conditions, the brake system is 
supplemented with a retarder. The simplest version is a damper installed on the 
exhaust pipeline when closed; the engine starts working in brake mode not only 
during the compression stroke but also during the exhaust gas release stroke. The 
management of such a valve is combined with fuel (in diesel — off of the fuel high-
pressure pump, gasoline engine — stopping delivery of fuel in the system of idling 
are included in the work when the pedal has released the throttle). Vehicles can also 
be equipped with transmission brakes-retarders. In fact, this is a hydraulic brake in 
the drive of the driving wheels, in which energy is extinguished when turned on, and 
braking force occurs on the driving wheels. In mountainous conditions, air-powered 
vehicles should have a more efficient compressor and additional receivers for air 
supply sufficient to provide multiple braking on a long descent. 
Trucks are equipped with a mountain stop to prevent the vehicle from moving 
on the rise from rolling back when the engine is stalled. It is a U-shaped tubular 
frame, which is pivotally attached to the car frame by its crossbar. In the transport 
position of the rack frame with notched openers, the rope is lifted, and in the working 
position when you need to stop sliding down the car, the driver releases the rope, 
ploughshares mountain stop down and interacting with the road, hold the car from 
rolling (Fig. 2, a). The mountain top can be attached not only to the frame but also to 
the beam of the front or rear axle. 
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Fig. 2. Security vehicles, designed for use in mountainous terrain: а — scheme for 
installing a mountain stop on a car; б — installation diagram of the anti-roll beam; 
1-cable for lowering and lifting the mountain stop; 2 - frame of the mountain stop; 3-
Coulter; 4-tension chain; 5-beam with ground hooks; 6-bracket for fixing the beam in 
the transport position 
A similar function is performed by an anti-roll beam, which has a length equal 
to the width of the wheel track and is suspended on chains attached to the frame (Fig. 
2, b). the length of the chains makes it possible for the rear wheels to hit the beam 
when the car is moving backwards but does not allow the wheels to run over it. In the 
transport position, the beam is placed on a special bracket, from which it can be 
dropped by the driver on the road with the help of a special drive if there is a danger 
of the car rolling back on a steep ascent. 
To facilitate the driver's work when turning the car, power steering should be 
installed, and to ensure better visibility when driving on turns at night, it is necessary 
to have headlights that turn depending on the position of the steering wheels. The 
suspension of vehicles operating in the mountains must have a large angular stiffness, 
which is necessary to eliminate large rolls of the car. Cars should have as small a base 
as possible in order to reduce the overall corridor and make it easier to fit the car into 
the lane on rounded roads with small radii on serpentines. 
Conclusion 
Analysis of the operation of vehicles in mountainous terrain shows that the 
preparation of vehicles and drivers must include: special high-altitude training 
(acclimatization, equipment, provision of biostimulants and mountain sickness 
treatment); implementation of special measures on the equipment that reduce the 
negative impact on drivers of natural and climatic conditions of mountainous terrain; 
when operating vehicles as part of automobile columns, create repair groups to 
organize repairs and, if necessary, evacuate equipment that has failed; at automobile 
enterprises, create increased reserves of fuel and lubricants, spare parts and 
consumables for repairing equipment that has failed during operation in mountain 
conditions. Tires for mountain roads should have a high coefficient of drag resistance 
and increased durability when working on stony surfaces. For use in high-altitude 
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areas, specialized car engine designs are required, in which power losses are reduced 
due to the appropriate design of the power system with altitude adjustment, 
compression ratio changes, etc. 
When using a car on high-altitude roads, it is advisable to select the optimal gear 
ratios in the transmission, use brake mechanisms, etc. 
When operating a car in mountainous conditions, it is necessary to pay special 
attention to the technical condition of the vehicle's controls, lighting and alarm 
devices and the correctness of their installation, fixing and adjustment work, as well 
as resource correction of the standards of the MAINTENANCE and repair system. 
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